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FIELD OF THE INVENTION 
BACKGROUND OF THE INVENTION 

Lithium dendrites react with the eleltyl J S^SSIST **» cycle 

and atta.nable power of the cell, the comparatively ?^" t " ,B a corre,ation "etween overall mods. 2 

therefore to redely low power density fcK?K£ J^T * ,Sads t0 a relalive| y low surface aTea and 

omi n ° COSt ' 8 increase <* inherently more dangerous, and as lithium is compara- 

capabl. M km* i„co,p„ ra ,i n g, JSt?^,*>^W^,m£ 
"f^*" *> <"* »« « in JuSIS 2. •STr"? f S9P,ra,h8 ,he »' s ' « ^ 
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[0013] Further, there is provided according to another aspect of the invention a method of making a recharoeable 
e ec rochem-cal cell comprising the steps of assembling within a cell housing a first e.ectrode havhg a surface SU b 
stantally free from an alkal. metal, a second electrode incorporating ions of said alkali metal therein and an eSroMe 
in contact with and separating the first and second electrodes; and applying an external electS"cTrrenu7t2 ^? 
ZSSSV ,he rf SUrta , C l 0, / h9 first ^h said alkali meta'l which is t^^T^"ZZ^ 

electrode to the surface of the first electrode through the electrolyte, the methcxl being characterised in ZZ^^^ 
n the thrckness of the first electrode due to the plating of the alkali metal increases the interna^ essu re in m ceT 
thereby reducing the alkali metal dendrite formation. pressure in the ceil, 

[0014] ln oneembodiment,theassemblyinthehousingcontainsafirstelectrodecomprisingasandwichlikestructure 
of a fiim wh.ch is essentially free of lithium, a second electrode incorporating lithium ions LrTV^£2£ 
Porousseparator therebetween and a non-aqueous electroVte in contact wAe first and se3 

tE a '"J ac f 1 0f ^ anc , e 1 with anoth8r aspect of the invention the electrolyte is a non-aqueous solvent havinq 
,k ,k " meta ' SUCh 33 LiAsFs ' LiBF4 LiCI0 < or il is in a " conducting polymer and the ceS 

[001 6] Finally, in accordance with another aspect of the invention the thickness of the first electrode is about 5 to sn 

rrr^rrrj: sr- ,n - — * ,B ° - «— * 

[001 7] The present invention will be understood and appreciated more fully from the following detailed description 
aken .n conjunction wrth the appended sole figure of the drawing which is a schematic cross sJZSaJ^^Z 
type cell, constructed and operative in accordance with a preferred embodiment of the present invention 

DETAILED DESCRIPTION OF THE INVENTION 

[0018] As illustrated in the drawing, a rechargeable electrochemical cell 10 according to one preferred embodiment 

VZ nT" 7T n Pre,6rably C ° mpriS9S 3n 1 2 dSSCribed in detail below < a nSUJJ SeeIC 
14 a non-conduc we microporous separator 16 and a cathode 18. such as an aluminum net supporting a IrthTated 

netting. Alternately, the electrolyte and the non^onductive porous separator are replaced with a solid polme elec 
rolyte based on PVC/PC doped wrth .rthium sart such as the one described in US Paten, 5,252 4 "to Afemgir 
[0019] The anode ,n a cell according to a preferred embodiment of the present invention preferably coZrises a 
support which is a thin conductive film on the surface of which a layer o, an alka.i metal, preS SuTS Sated" 
m-situ during charging of the cell in which the anode is fabricated P 
[0020] The thin conductive film can be a metallic film such as copper, nickel or a stainless steel film Alternatively 
the thin conductive film can be a meta. coated by another meta. such as copper, nickel or J£m2£ZS£ 

Si? tk TT ° r fr? 1 ThS thin OQnduo * - fi ' m Can also be an electro "*= ^tive potyme! 
ELu SS in Conduc,ive fi,m is P refera °ly 5 - 50 prn (microns) and more preferably 8 - 20 ixm 

(microns) ,n comparison wrth typical thicknesses of 150 - 200 pm (microns) of the cathode of prior art anodes Th" 
££2^57 properties of metals such as nickel, copper, stainless steel and electronic condSve poj 
mer make it possible to use foils of only about 1 0 to 15 pm (microns) thickness and thus to attain a high overall suSace 
area. For example there were tried AA size cells with an anode area of about 400cm2, and such eelta can be charqed 
at comparatively high current, during a short charge time. Furthermore, the copper fol is less expense than Sum 

sr.;™ 

ES?.ii 1 P T meth0d i0 J makin9 3 Ce " ° f present inven,ion is described witn fe, erence to a spiral wound 

of ce lESSE""?* ?, me,h0d iS ^ Hmited ,0 3 Spira ' W ° Und ^ ce " — is applicable^ any type 
of cell In order to fabricate such a cell, for example an AA size battery, a can made by any appropriate material such 
as nickel plated stee. is used as the ce.. housing 20. Then, a sandwich like .aminar ilZl SS* 
layer of any of the foils described above to be used as the anode support, a layer of the permeable nTn^ducfive 
porous separator and a layer of a lithium based cathode. Then, the layered structure is wound onto an inn^oreTot 
shown, afiixed in the cell housing. Next, the e.ectro.yte is introduced and fina.fy the a cap 22 is sealed to the can 
[0023 I is a particular feature o, the present invention that the anode can be prepared in any environment This is 
since the foil wh,ch ,s used for the anode support is essential* free from lithium before charging, andZefte there 
is no need to seclude the anode from the atmosphere. mererore mere 

[0024] Cells of the present invention are assembled in the uncharged state, and the charging of the cell is the first 

eXTSd^S 10 I?? DUrin9 Char9in9 ° f ,hS Ce " i0nS ,r ° m the C3,h0de pass via tne elecuolyt to 
anode, and by th.s process Hthium is plated on the support surfaces and a thin layer of lithium is formed thereon 



3 



EP 0 689 260 B1 



Typically, the lithium layer would be 5 to 10 urn fmiernn^ r 

and this leads to an increase of the nZZT^TL ^TT* *" ° Vera " thickness °' th * anode increases 
pressure increases between the comments Thfe Trail? f " " h 3 the <»« housing, n3l 

excess of lithium required and thus ceTsaSy Ind overa.l 1 T redUCeS d6ndrita 1o ™*™- This minimis the 
,02* -^examp.esil.ust.te^ 



EXAMPLE 1 
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£3 ^™rrxrrs:^°s 8 — - 

and inserted into a can made of M^s^TtTI ^ ™ S aSS8mbled in a s P iral *°und configuration 
electrode area of 440c m 2. mcicness was much higher, 180 microns. This results in a potential 

SSSt *" ' h ° U ' ata *» «" — - — «a 0 . ocv, ^ a , „ valus o1 

30 COMPARATIVE EXAMPLE 
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-n comparison to only 15 pm (microns) in the JSieli^-i^^T^ ,hiCkGr ' 170 " m < microns >. 
Therefore the electrode surface area was 21 6 cm* ' ^ " ,he Cathode and ,h * anode was 270mm 

du ™9thecharge P rocessofcycle24.Th^ 

was 1 , em^ in the contro, ce,,, in comparisXo* 

EXAMPLE 2 



EXAMPLE 3 



under the same profile as in Exampte 1 giving a capact of u Ah iV f^l ^ W3S Char " d and 

a value of O.BAh after 10 cycles. P *** ° f 1 1 Ah n ,he Urst dlscha ^ cycle. Capacity decreased to 

55 EXAMPLE 4 
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in the first cycle, a value that decreased to0.70Ah after 10 cycles. 
EXAMPLE 5 



charqe. Cel cac-acrtv decma&nri tn n oak ^ y oeiwerea i .UAn at the first dis- 



charge. Cell capacity decreased to 0.9Ah after 10 cycles. 
EXAMPLE 6 



first discharge, a value which decreased to SOOmAh after 10 cycles. 1,16 
' 5 EXAMPLE 7 

FJULf Tr^fi 88 06,1 ° f EX3mple 1 eXC9pt that ,he ****** **» 1 Molar of LiBF. in a mixture of 
EXAMPLE 8 



[0043 A ceM was made as the cell of Example 1 except that the electrolyte was 1 .0 Molar of LiCIO in a mixture h 
propylene rar bonate(PC)anddiethy.carbonate(DEC).Thecel.OCVwas0% 

at the same reg,me of Example 1, except that the cutoff charge vottage was 4 2V ascnar 9 9d undischarged 

[0044] The cell delivered 1 25Ah in the first discharge. Cell capacity decreased to O.SOAh at the 10th cycle. 
EXAMPLE 9 

EXAMPLE 10 

3£ [0046] A laboratory type cell (Y. Geronov et al. J. of Electrochemical Society 1 37 M 990, svm «, ao . * ■ 

was 1 .0 mMho at room temperature. The cell was charged with current density of 0.1 mA/cm2 at 60 dea ees CeSus 

217; *Z VOrta9S faiSed ,0 3 95V af,er 30 minu,es and stabi,i ^ at 4.05V aTer 7 hours' The ce was 
d,scharged under the same current density for 3 hours to 3V cut off value reaching an efficiency of 37% 

EXAMPLE 11 

o^ojp 0 ^ 

£Zl J*! l b6l0W summarizGS ^Perimental conditions and resufts of the above Examples 1 - 11 
n art >L aPP , r ! CI a,ed 6y PerS ° nS Skilled in ,he art ,hat the P resent invention is not Led by what has been 

pamcularty shown and descnbed hereinabove. Rather the scope o, the invention is defined by the cZswh ch fo ow 
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TABLE I 



^V(V) Charge (capacity I Capacity" 

' ^ (Ah) 1st (Ah) 10th 

Voltage cycle cycle 

~ T^2 I fXg" 3 




Claims 

1. A rechargeable electrochemical cell (10) comprising: 

an e ectrolyte (14) in contact with and sepa^^X,* " ^! ,a ' ^ 8nd 

that the cel. is in an uncharged state and the first ISSSSSiSS^^ charact ^ised in 
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separator (16) separating the first (12) and second (18) electrodes. 

6. A rechargeable cell according to claim 3. wherein the non-aqueous solution is LiAsF 6 . LiBF 4 or LiCI0 4 . 

7. A rechargeable cell according to any one of the preceding claims, wherein the thickness of the first electrode f 12) 
is cons.derably lower than the thickness of the second electrode (18). electrode (12) 

8. A method of making a rechargeable electrochemical cell (10) comprising the steps of: 

assembling within a cell housing (20) a first electrode (12) having a surface substantially free from an alkali 
metal, a second electrode (18) incorporating ions of said alkali metal therein and an elecLyte (14^ ac 
with and separating the first (12) and second (18) electrodes and ' 

S'mJS TrT f leC, ? Cal H Urrent l ° the ther6by Pbti " 9 the surface of tne first elec, «^ with said 
alkali metal which is transferred as ions from the second electrode (18) to the surface of the first electrode 

E£ !?; \TTT\ ^ bei " 9 charac,erise ° h the increase in the thickn of the M 

^Ja^SS^* 1 m9tal inCr8aSeS ^ intema ' «~« - - -eby 

9. A method according to claim 8, wherein said alkali metal consists essentially of lithium. 

10 ' ^m e r fi C in°?2 C,a ir I 0 ', C ' aim 9 ' COmPfiSin9 f0rmin9 the e ' eCtr0lyte < 1 4 > either as a nonaqueous solvent 
having therein a salt of said alkali metal or as a solid ion conducting polymer. 

11. A method according to any one of claims 8 to 10, comprising forming the cell wherein a porous non^onductive 
porous separator (16) separates the first (12) and second (18) electrodes. non^onouctive 

* 12. A method according to claim 8, wherein the assemb^ in the cell housing contains a first electrode (12) comprising 
£££ •''^ructureojafilm which is essentially free o, lithium, a second electrode (18) incorpoSZm 

wl I! w ,i r T Ct ' V , e : P 0 °:° US Separa, ° r (16) therebetwee n and a non-aqueous electrode (1 4) in contact 
with the first (12) and second (18) electrodes and the separator (16). 

35 13. AmethodaccordingtoanyoneofclaimsS^ 

14 - i™z«^z a zz;^r 8 to 13, wherein the ,irst e,ec,rode (12) is made °' a « — 

16 " po7yme? aC ^^ 

45 

17. A method according to any one of claims 12 to 16, comprising forming the electrolyte (14) either as a non-aoueou* 
solvent having therein a salt of lithium or as a solid ion conducting polymer. non-aqueous 

so ^mTrIIcron a sr rdin9 * *"* ^ * ^ 8 1 ° Wh9r6in ^ " Mm * ° 2) haS 3 Mckn&SS ° f U ° m 5 to 50 

19. A method according toclaim 10 or claim 12. wherein the non-aqueous solution is LiAsF 6 , LiBF 4 or UCI0 4 . 

55 Patentanspruche 

1. Wiederaufladbare elektrochemische Zelle (10), umfassend: eine erste Elektrode (12), die an ihrerOberflache eine 
Schicht emes Alkalimetalls reversal inkorporieren kann; eine zweite Elektrode (18). die in ihre J , Inneren AlS 
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metallionen reversibel inkorporieren kann- 
und 
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Nickel. Edetetah, oder einem m^S^SSSZ * ™ « 
Chrom oder Gold beschichteten Metall besteht, und £S, h hTT KUp,en Nickel ' Ede,s,ahl - 

Hmetalls auf der Oberflache der ersten Elektrode tSlSZ I 1 ** 130,6,18 eine Schich t *» Alka^ 
Z °»°™e™t W i^^ 

2. Wiederaufladbare Zelle nach Anspruch 1 
be. der das AlkaHmetall im wesentlfchen aus Lithium besteht. 

3. Wiederaufladbare Zelle nach Anspruch 1 oder 2 

6. Wiederaufladbare Zelle nach Anspruch 3 

be. der die nichtwassrige Losung LiAsF 6 , LiBF 4 oder LiCI0 4 ist. 

7 - 

a Verfahren zum HersteHen einer wiederaufladbaren elek^hemischen Zelle (10 ), mi, den ^ 

--^^^ 

e.nes Elektrolyten (14). der mft der ersten S|£5£ffi5 ST.? m *»*>™« hat, und 

Anlegen eines auSeren elektrischen sJi2m£SSSS^^ 7 ^ * U " d dieSe trenn ^ und 
flache der ersten Elektrode mil dem AlkalimetaT VeS^^T, 9 * Beschich t*n *r Ober- 

zur Oberflache der ersten Elektrode durch SSS^ «5ES^ Wn 2" ZWe " en E ' ektrodo < 1 8 > 
gekennzefchnet ist, wwoiwyten (14) uberf uhrt w.rd, wobei das Verfahren dadurch 

9. Verfahren nach Anspruch 8 

bei dem das Alkalimetell im wesentlichen aus Lithium besteht. 

10. Verfahren nach Anspruch 8 oder 9 

11. Verfahren nach einem der Anspruche 8 bis 10 

zsssz " 9 * ,om * wM ' *• * ^ *— *» m * „„ „ „ na ^ (18) 

12. Verfahren nach Anspruch 8 

schen angeordneten nichtleitfahigen porosen Separ^ 

* der ersten (12) und zweiten (% Lk^rS'C^^^ ™ h Konta * 

13. Verfahren nach einem der Anspruche 8 bis 12, 
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bei dem die Oberflache der ersten Elektrode (12) ein leitfahiges Metall ist. 

14. Verfahren nach einem der Anspruche 8 bis 13, 

bei dem die erste Elektrode (12) aus einem aus Kupfer, Nikkei und Edelstahl ausgewahlten Material besteht 

15. Verfahren nach einem der Anspruche 8 bis 13, 

bei dem die erste Elektrode (12) aus einem mit Kupfer, Nikkei, Edelstahl, Chrom oder Gold beschichteten Metall 
besteht. 

16. Verfahren nach einem der Anspruche 8 bis 12, 

bei dem die erste Elektrode (12) aus einem elektronenleitenden Polymer besteht. 

17. Verfahren nach einem der Anspruche 12 bis 16, 

bei dem der Elektrolyt (14) entweder als ein nichtwassriges Losungsmittel, das ein Lrmiumsalz enthalt Oder als 
lonenlertender Festkorperpolymer gebildet wird. 

18. Verfahren nach einem der Anspruche 8 bis 17, 

bei dem die erste Elektrode (12) eine Dicke von 5 bis 50 urn (Mikron) hat. 

19. Verfahren nach Anspruch 10 oder 12, 

bei dem die nichtwassrige Losung LiAsF 6> LiBF 4 oder LiCI0 4 ist. 

Revendicatlona 

1 . Cellule electrochimique rechargeable (10) comprenant : 

une premiere electrode (12) qui peut incorporer de maniere reversible une couche d'un metal alcalin sur une 
surface de I'electrode, 

une seconde Electrode (18) qui peut incorporer de maniere reversible des ions de metaux alcalins et 
un electrolyte (14) place au contact de la premiere (12) et de la seconde (18) electrode et les separant, 

caracterisee en ce que la cellule est a un etat non charge et la premiere electrode (1 2) est formee de cuivre 
de nickel, d'acier inoxydable ou d'un polymere conducteur d'electrons, et est formee d'un metal revetu de cuivre' 
de nickel, d'acier inoxydable, de chrome ou d'or, et en ce que, pendant I'utilisation, une couche de metal alcalin 
est deposes a la surface de la premiere electrode (12) pendant la charge, si bien que la pression interne de la 
cellule (10) augmente afin que la formation de dendrites de metaux alcalins soit reduite. 

2. Cellule rechargeable selon la revendication 1 , dans laquelle le metal alcalin est essentiellement le lithium. 

3. Cellule rechargeable selon la revendication 1 ou 2, dans laquelle ('electrolyte (14) est un servant non aqueux 
contenant un sel d'un metal alcalin ou un polymere solide conducteur d'ions. 

4. Cellule rechargeable selon I'une quelconque des revendications precedentes, comprenant en outre un separateur 
non conducteur poreux (1 6) separant la premiere electrode (1 2) de la seconde (1 8). 

5. Cellule rechargeable selon I'une quelconque des revendications precedentes, dans laquelle I'epaisseur de la pre- 
miere electrode (12) est comprise entre 5 et 50 um 

6. Cellule rechargeable selon la revendication 3, dans laquelle la solution non aqueuse est LiAsF 6 , LiBF 4 ou LiCI0 4 . 

7. Cellule rechargeable selon I'une quelconque des revendications precedentes dans laquelle I'epaisseur de la pre- 
miere electrode (12) est considerablement inferieure a I'epaisseur de la seconde electrode (18). 

8. Procede de fabrication d'une cellule electrochimique rechargeable (10) comprenant les etapes suivantes : 

Tassemblage, a I'interieur d'un boitier de cellule (20), d'une premiere electrode (12) ayant une surface prati- 
quement depourvue d'un metal alcalin, d'une seconde electrode (18) incorporant des ions du metal alcalin et 
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ceTesS'et 1X19 ° 4) P ' a ° e ^ 000,301 * * (12) * d * * SeCOnde 6,ec,rode < 18 > et s6 P ara "t 

SSrlr. 00 "^ 1 6 ' eCtriqUe eXt6ri6Ur * b Ce " Ule ' Si bie " que la surtace de ,a Pliers electee est 
revetue du metal alcalm qu. est transfer* sous forme d'ions de la seconde electrode (18) a la surface de la 

tTn d r e e .Sn° tr0de T !' interm i diaire de < 1 <>• <* Precede etant caracterise e ci queTaugme 

de la cellule (1 0) et reduit ainsi la formation de dendrites de metal alcalin. 

9. Precede selon la revendicatbn B, dans lequel le metal alcalin est essentiellement constitue de lithium. 

10. Precede selon la revendication 8 ou 9, comprenant la formation de (Electrolyte (14) soil sous forme d'un solvant 
non aqueux contenant un sel d'un metal alcalin sort sous forme <fun polymer solids conducteur bnique. 

11 un^o, e J,° n '' Une qu f' COnque des revendications 8 a 10, comprenant la formation de la cellule dans laquelle 
un separator non conducteur poreux (16) separe la premiere electrode (12) de la seconde (18). 

12 " P ^^^lir ndiCa T n *' ^ ' eqUel ' ,9nSemble P,ace danS ,e boTtier de la cellule «» Premiere 

Slectrode (1 2) qu. comprend une structure analogue a un sandwich d'un film qui est essentiellement depourvu de 

"Zsszzit* (14) p,a °* au oomact de ,a premi6rs < i2 > * da ia 

13 " eTun d m^SZ e '^ qUe *" reVendi ° afonS ""^ *" ' eqUel h SUrfaCe * la ™ 

14 ' • Une q " elconqued9s revendications 8 a 1 3, dans lequel la premiere electrode (12) est formee d'un 

matenau choisi parmi le cuivre, le nickel et I'acier inoxydable. 

15. Precede selon I'une quelconque des revendications 8 a 1 3, dans lequel la premiere electrode (12) est formee d'un 
metal revetu de cuivre, de nickel, d'acier inoxydable. de chrome ou d'or. 

17 ' '"7 qU8lCOnqUe des revendications 12 a 16, comprenant la formation de I'electrolyte (14) soit sous 

formedunsolvantnonaqueux contenant un sel de lithium soft sous forme d'un pofymeresolide conducteur ionique. 

1 ^te"^ 

19. Precede sebn la revendication 10 ou 12, dans lequel la solution non aqueuse est LiAsF 6 , LiBF 4 ou LiCI0 4 . 
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FIG.l 
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